. These patients' manifestations include hyperchloremic metabolic acidosis and hypokalemia and are often associated with retarded growth in infants or nephrocalcinosis and nephrolithiasis in adults.
Pendrin and Pendred syndrome
Over the past 20 years, the importance of intercalated cells in the process of renal net acid excretion has been recognized. The final control of urinary acidification oc- 
Role of Pendrin in

Pendrin activity in four different levels
Pendrin activity is controlled on at least four different . Adler et al. 12) indicated that pendrin (SLC26A4) has direct regulatory domains in the promoter region sensitive to intracellular pH and possibly to aldosterone. Several treatments, including acidosis and alkalosis, altered total pendrin abundance in the kidney 13, 14) . Subcellular localization of pendrin in animal models was observed 15) . Lastly, the number of pendrin expressing non-type-A intercalated cells was observed in states of chronic metabolic acidosis or altered distal Cl delivery associated with a changed relative abundance of pendrin positive cells 14, 15) . Through these mechanisms, altered pendrin activity could be observed in various animals under specific stimuli.
Pendrin on metabolic acidosis
Pendrin mediates Cl /HCO3 exchange, which releases HCO3 into urine and reabsorbs Cl . During metabolic acidosis, pendrin expression has been down-regulated 13, 14, 16) . Pendrin is also important for Cl reabsorption in the CNT and CCD, which are pendrin-rich segments. Increased
Cl delivery is associated with reduced pendrin expression levels ( Fig. 3) 16)
. However, Hafner et al. 14) emphasized that metabolic acidosis caused by acetazolamide or (NH4)2SO4 loading prevents the increase or even decreased pendrin Fig. 3 . Effects of NaHCO3 loading, high chloride loading (NH4Cl, NaCl, and KCl), and chloride depletion (low NaCl, and Furosemide loading) on pendrin expression. Pendrin expression is inversely related to diet-induced changes in urinary chloride excretion independent of the administered cation 13) . 
Pendrin on metabolic alkalosis
During metabolic alkalosis induced by HCO3 -loading, pendrin abundance was increased 13, 15) . Potassium depletion also caused reduced protein levels of pendrin, which suggests the negative effect of metabolic alkalosis during K restriction on pendrin expression 13, 15) . Verlander et al. 8) showed that pendrin is upregulated with aldosterone analogues (deoxycorticosterone pivalate, DOCP) and that pendrin is critical in the pathogenesis of mineralocorticoid-induced hypertension and metabolic alkalosis. However, it is not entirely clear if DOCP has a direct effect on pendrin or an indirect effect via hypokalemia or metabolic alkalosis.
Defect of pendrin: in vitro, in vivo, human case
Experimental studies using pendrin null mice showed the functional role of pendrin under various conditions 8, 17, 18) . Royaux et al. 17) reported that pendrin knock-out mice receiving DOCP in addition to NaHCO3 loading failed to secrete HCO3 . Wall et al. 18) indicated that pendrin (SLC26A4) is upregulated with NaCl restriction and is critical in the maintenance of acid-base balance and in the renal conservation of Cl and water during NaCl restriction via pendrin (SLC26A4) null mice under NaCl restriction diet. Recently, Pela et al. 19) reported that a 5-yearold child with Pendred syndrome whom had developed profound hypokalemia and severe hypochloremic metabolic alkalosis following thiazide therapy. They suggested that the improper action of pendrin may exacerbate the diuretic effects of thiazide, which inhibits Cl reabsorption mediated by the thiazide-sensitive NaCl cotransporter 19) .
Conclusion
Pendrin is a Na 
